Objective The potential risk of mortality increase due to the use of human albumin (HA) in surgical patients has not been determined yet. The aim of the study was to evaluate the association of mortality rate of surgical patients with other indicators of the quality of health services and consumption of HA and hydroxyethyl starch (HES).
INTRODUCTION
Human albumin (HA) solution is non-blood plasma substitute used to treat hypovolaemia. HA is often used to correct hypoalbuminemia. Cochrane group showed the evidence that the risk of death in patients who were given albumin was 6% higher than that with other colloids [1] . An accompanying editorial suggested that HA was harmful and that restrictions should be introduced in the application of HA in critically ill patients [1, 2] . The albumin expert working party for the Committee on Safety of Medicines in the UK looked at the individual trials in the Cochrane report that compared colloids with crystalloids, and concluded that the weighted relative risks for mortality in these trials were higher for HA than for crystalloids [3] . They warn that special care is needed in diseases which are accompanied by the impaired capillary integrity. They also state that the mechanism of death due to the albumin administration might be fluid overload. Because the inflammatory response is common in most causes of critical illness, and this causes capillary leakiness, there have been recommendations that their application should be avoided in these patients. The therapeutic indications allowed by the Committee on Safety of Medicines for hyperoncotic 20% HA solution should include status where electrolyte or fluid load is contraindicated. A Consortium of hospitals in the USA has also issued guidelines for fluid resuscitation [4] . They suggest stringent restrictions for the use of HA in hemorrhagic and nonhemorrhagic shock, hepatic resection, thermal injury and cardiac surgery, where crystalloids are being the fluids of choice.
In a meta-analysis of Jacob et al. [5] , it was shown that, in surgery, hyperoncotic HA preserved renal function and reduced intestinal edema compared with hydroxyethyl starch (HES) administration. In trauma and sepsis, cardiac index and oxygenation were higher after the administration of HES than hyperoncotic HA, but survival was unaffected by hyperoncotic HA. Furthermore, Wiedermann et al. [6] suggested in their meta-analysis that renal effects of colloid solutions appeared to be dependent on the type of colloids. Hyperoncotic HA exerts renoprotection while hyperoncotic HES shows nephrotoxicity. The results of the cohort, multicenter, observational SOAP study in a population of critically ill patients showed that HA administration was associated with decreased 30-day survival compared to patients who did not use HA [7] .
In a multi-center, randomized, double-blind trial, known as the SAFE study, the authors evaluated 28-day mortality of a heterogeneous population of 6,997 ICU patients resuscitated with 4% HA versus normal saline [8] . The primary outcome variable was 28-day mortality. The SAFE Study investigators suggested that in the whole examined population of critically ill patients who required fluid resuscitation, the use of 4% HA or normal saline for intravascular volume resuscitation resulted in equivalent rates of 28-day mortality.
The safety of application of HA or HES for intravascular volume resuscitation is mainly analyzed in the observational epidemiological case-control studies, meta analyses and randomized clinical trials. We felt it was important to examine how the consumption of HA or HES is associated with the indicators of the quality of health services, primarily with mortality rate among patients hospitalized at the surgical department in the retrospective observational study of time series.
The aims of this study were: 1) to determine the influence of individual quality indicators on HA and HES consumption at the surgical department, and 2) to estimate the form and strength of connection between total mortality rate and a total consumption of HA, HES and other indicators of the quality of health services in the surgical department.
METHODS

Study design
A retrospective observational study of time series for the indicators of quality of health services and consumption of HA and HES in adult surgical patients hospitalized at the Surgical Department of the City Hospital in Valjevo (Serbia) has been carried out. This surgical department provides inpatient treatment services for 200,000 people and has 80 hospital beds. It consists of the Intensive Care Unit (ICU), Semi-intensive Unit, Section of General Surgery and Vascular Surgery Section. ICU has 12 beds. Eleven beds are reserved for surgical patients, while one bed is available for critically ill patients from other departments. Both electively and urgently treated patients are placed in the ICU. Elective patients are those undergoing abdominal and vascular surgery, and requiring postoperative treatment in the ICU. Urgent patients are patients also undergoing the aforementioned surgeries as well as patients with polytrauma.
Indicators of quality and consumption of HA and HES solutions
Indicators of quality and consumption of HA and HES solutions were monitored monthly at the Department for Quality Assurance and the Department for Clinical Pharmacy, and the study covered the period from January 2009 until the end of May 2011.
The following quality indicators were observed: total number of hospitalized pa tients, num ber of operated patients, number of pa tients without operation, number of dead patients who were operated, number of dead patients without operation and the number of hospital days. Solutions used in the treatment of critically ill patients were hyperoncotic 20% HA (50 mL) or iso-oncotic 6% HES (500 mL) in the ICU, while outside the ICU, 20% HA was rarely used to correct hypoalbuminemia when the concentration of albumin in the blood was less than 2.0 g/dl [9] . HA and HES consumption was measured by the number of bottles consumed in the ICU, outside of ICU and total.
A total mortality rate was calculated as the ratio of total dead patients and total hospitalized patients. The mortality rate of operated patients was calculated as the ratio of dead operated patients and hospitalized operated patients. The mortality rate of patients without operation was calculated as the ratio of dead patients without operation and hospitalized patients without operation. All mortality rates were expressed in percentages. Hospital days rate was calculated as the ratio of the number of hospital days and number of total hospitalized patients, while monthly consumption of HA or HES rate was shown as the ratio of consumed bottles of HA or HES and total hospitalized patients.
This study has been approved by the Ethics Board of the City Hospital Valjevo.
Statistical analysis
The mean, standard deviation and sum were used for data description. Time series analyses were carried out using the appropriate procedures of autoregressive integrated moving average (ARIMA) model [9] . Ljung-Box test [10] was used for model checking by testing whether the estimated model conformed to the specifications of stationary univariate process. The agreed level of significance was 0.05. The statistical package PASW Statistics 18 (Chicago, Illinois) was used for the statistical analysis.
RESULTS
During the study period of 29 months and in a total study population of 9,812 hospitalized patients, there was an average of 338±32 hospitalizations per month (Table 1 ). An average number of hospital days was 1861±328.40, while an average number of hospitalized and operated patients in surgical department was 171±44 per month. An average monthly number of hospitalized patients without operation was 160±23 with Sum=4,647. An average number of dead operated patients was 5.93±2.49 per month, while approximately 11.45±4.20 patients died without any operation. An average monthly consumption of HA in the ICU and outside the ICU was 89.72±34.42 and 28.14±19.98, respectively, while the consumption of HA per patient was 0.36±0.17. An average monthly consumption of HES in the ICU and outside the ICU was 89.33±32.84 and 2.41±5.47, respectively, while the consumption of HES per patient was 0.27±0.11. Total mortality rate, mortality rate of operated patients and mortality rate of patents without operation was 5.34±1.48%, 3.69±75% and 7.09±2.22% monthly, respectively. An average number of hospital days per patient was 5.54±0.96 per month.
The resulting two stationary regression models of ARIMA with moving averages (MA) -type (0,0,1)(0,0,0) and one model with linear constant of depending variable -type (0,0,0)(0,0,0). For dependent variable -total HES bottles consumed per total hospitalized patients (Model 1), significant predictors were identified: HES bottles consumed in the ICU (B=0.003; t=34.296; p<0.0001), HES bottles consumed ouside the ICU (B=0.004; t=6.752; p<0.0001), the number of operated patients (B=-0.001; t=-9.148; p<0.0001), the number of patients without operation (B=-0.00036; t=-2.882; p=0.008) with constant B=0.157 (t=6.951; p<0.0001).
For dependent variable -total HA bottles consumed per total hospitalized patients Hospital Pharmacology. 2014; 1(1):1-8 (Model 2), the following significant predictors were identified: the number of operated patients (B=-0.001; t=-6.427; p<0.0001), the number of hospital days per hospitalized patient (B=0.017; t=5.598; p<0.0001), HA bottles consumed in the ICU (B=0.003; t=15.08; p<0.0001) and HA bottles consumed outside the ICU (B=0.004; t=9.835; p<0.0001). It was also shown that total consumption rate of HA for every following month was significantly indirectly dependent on the unobserved random error from the current and previous month (Lag time=1; Bfor MA=-0.491; t=-2,645; p=0.014).
For dependent variable -total mortality rate (Model 3), we also identified significant predictors: the number of operated patients (B=-0.003; t=-6.428; p<0.0001), HA bottles consumed in the ICU (B=0.003; t=3.403; p=0.002), mortality rate of operated patients (B=0.554; t =38.710; p<0.0001) and mortality rate of patients without operation (B=0.448; t=33.243; p<0.0001). It was also shown that the total mortality rate for every following month was significantly directly dependent on the unobserved random error from the current and previous month (Lag time=1; Bfor MA=0.961; t=2.366; p=0.026). The mean of the predicted value for the total mortality rate was 5.36% with 95% confidence interval from 4.97% to 5.76%.
All models of time series were obtained by high R2, for Model 1 -R2=0.986, Model 2 -R2=0.981 and Model 3 -R2=0.986. The model fit statistics and the Ljung-Box statistics were presented in Table 2 . Time series observed val- ues of total dead patients rate with the upper and lower 95% confidence intervals were shown graphically (Graph 1).
DISCUSSION
The results of this study suggest that there is a significant relationship between the quality indicators of health services and monthly consumption of HA or HES for hospitalized patients in our surgical department. Monthly consumption of HES bottles per hospitalized patients was directly dependent on the number of bottles consumed in the ICU and outside the ICU, and the number of patients without operation. Number of operated patients was indirectly related to the monthly consumption of HES. This indicates that serious health problems on what account our hospitalized patients had been administered HES, were successfully eliminated by surgical intervention. Such situations were severe internal or external hemorrhages and polytraumas. As the number of well-planned surgical procedures in the above situations was increased, so the HES consumption was reduced, while increasing the number of patients without operation had the opposite effect. It is worth mentioning here that a small number of patients from other hospital departments who are in need of ventilation support or of continuous hemodynamic monitoring are also hospitalized in the ICU. HA consumption by hospitalized patients was also indirectly associated with the number of operated patients, and was directly associated with the number of bottles consumed in the ICU and outside the ICU, and the number of hospital days per hospitalized patient in the current month. Patients with longer ICU stay are those with severe postoperative complications that lead to development of the systemic inflammatory response syndrome (SIRS) with or without sepsis and severe sepsis or septic shock. The results also show that there is a persistent tendency to less consumption of HA per hospitalized patient in each successive month as compared to an average consumption in the current and previous month. This means that our ICU patients receive HA at the beginning rather than at the end of hospitalization. This tendency of monthly time series consumption of HA in our population suggests the possibility that patients in the ICU should be receiving HA in the early post-operative period. However, application of HA in the early postoperative period is not recommended until hemodynamic stabilization of patients is completed with crystalloid or non-protein colloids [11] . On the other hand, there is a speculation that the application of HA in the early postoperative period due to the appearance of SIRS may result in the increased permeability of tissue capillaries, the passage of albumin from the intravascular to the interstitial compartment, as well as difficult lymphatic drainage of albumin, all of which lead to cell dehydration and organ dysfunction [12] .
Our results (see Model 3 in results) indicate that there is a latent lag time for a minimum of one month to a maximum period of two months from the application of HA solution to all lethal outcomes associated with its application. This could be explained by the following example: if we would like to explain the increase in total mortality rates in July, we had to look at the latent (unobserved) stationary effects on mortality rates in May and June, along with the observed influence of HA bottles consumption in June in the ICU. The number of hospitalized patients in monthly total mortality rate is presented as a denominator, so it is clear that patients whose treatment resulted in the increase of total mor-tality rate in July, could be hospitalized at the beginning or the end of May. Their high mortality in July was associated with HA treatment carried out in June (also at the beginning or the end of June). Accordingly, the follow-up period from the introduction of HA treatment to the fatal outcome of patient should be up to 60 days. Therefore, all unobserved effects (random error) on total mortality rate in our population were included (with MA regression coefficient) in the MA model. With the MA regression coefficient, the correction in the equation of the time series was performed with quantification of the impact of random error, which was originated from the current and prior periods. This is particularly important because only when we determine the basic tendency of the time series of total mortality rates, then we can look at all other influences of independent variables on this time series, such as consumption of HA bottles in the ICU. In our MA model (Model 3), we included a large portion of the latently (unobserved) and manifestly (observed) effects on the total mortality rate. The total explained variance for the time series of total mortality rate was 98.6% (Table 2) . In our study, we showed that every 100 HA bottle consumed in the ICU contributed 30% to total monthly mortality rate, on average, 5.34%±1.48% of the observed data. There are reports describing the difference between 28-day mortality and 60-day mortality in patients with severe sepsis and septic shock, and it may be up to 23% [13] . This difference varies due to many factors among which the most important are: time from diagnosis and initiation of resuscitation, resuscitation methods, ways of implementation of hemodynamic monitoring, the way we conduct ventilation support, etc. It appears that the latest reports about the mortality reduction in the resuscitation process with HA solution versus crystalloids, with the mortality follow-up period of 28 days in the randomized clinical design, have to be taken with a grain of salt [14] . We also point out the risks of uncritical adherence to the recommendations for early postoperative application of HA in patients with massive bowel resection in order to prevent hypoalbuminemia [11] . This is of the utmost importance for the survival of surgical patients. In a number of critics of studies applying HA solution in critically ill surgical patients, a little is discussed about the informativeness of these studies related to parameters of surgical work that also affect the mortality of these patients. Objections were related solely to the choice of studies in meta-analysis [15, 16, 17] , lack of information about methods of hemodynamic monitoring [18, 19] , or insufficiency of data on other accompanying therapeutic procedures in critically ill patients [20] .
Serbia has not adopted an official national guideline to sepsis yet. Bearing in mind the results of our study, and due to the cost and mortality rate reduction in the surgical department, we recommend resuscitation with the crystalloid solutions in septic patients for their hemodynamic stabilization. This recommendation may be found in the Guideline of the German Sepsis Society [21] . Moreover, our recommendation is to avoid HA application in the early postoperative period as well as in patients with the massive bowel resection.
The limitation of our study is the lack of an explicit assessment of the relationship between the patients' deaths and the severity of their illness or types of surgical interventions or monitoring parameters related to resuscitation. It is well known that the degree of hypoalbuminemia in critically ill patients shows a strong direct correlation with the severity of disease and mortality, but paradoxically the correction of hypoalbuminemia in these patients slightly impacts their survival [22, 23, 24] . It is well documented that, in the contemporary ICU practice, HA is reserved for salvage treatment of a small number of patients with severest conditions. In the SOAP study of European ICU practice, only 11% of 3,147 patients received HA [7] compared with 34% receiving HES. Yet, at baseline HA recipients had significantly higher Sequential Organ Failure Assessment (SOFA) score and New Simplified Acute Physiology Score (SAPS II) and significantly more frequent cancer, cirrhosis, infection, severe sepsis or septic shock, need for mechanical ventilation and renal replacement therapy, and respiratory, cardiovascular, coagulation and hepatic failure. Similarly, in the CRYCO international study of 1013 ICU patients requiring fluid resuscitation, only 13% of patients received 20%-25% HA [25] . However, ARIMA provides the additional information about the lag time and total time when we can observe all fatal outcomes associated with the independent variables that are not mutually correlated. This study primarily estimates mortality rate tendency over time in the surgical patient population, and the prediction of mortality rate is mainly based on the impact of the resulting indicators of quality of the surgery treatment and HA or HES consumption.
